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55 (54) Title: METHOD FOR DESIGNING REDOX FLOW BATTERY SYSTEM 

(54)*^(D«^: U K-^X^P- m?ftvX^Aa)Stt»a 

^ (57) Abstract: A method for designing a redox flow battery system. Decrease in the system efficiency during charging/discharging 
^ due to a weak generated power or the load power is prevented without using a lead acid storage and thereby the system efficiency is en- 
^ hanced. A power generator the power generation output of which varies irregularly is provided with a redox flow battery to smoothen 
r-H the power generation output The means value and the standard deviation of the battery output distribution to the smoothened power 
fS generation output are determined. At least one of the rated output of the battery and that of a converter that converts the battery 
9\ output is determined on the basis of the standard deviation. 

2 (57) wm: fBsm*£^£c££<«ii£ssmma^a^m^ * 



WO 03/092110 PCT/JP03/05059 

1 

m m m 



5 teffiftm 

X t- A CD IS fi- 77 & H T 5 o 

10 

S7J LT, «7j^^^fiPjSLfe«iSi&, fc> t$> £ f$ 

life mm 61-218070 m±n iz mm £ nx t> & 0 

20 ^MtKDm&^i'* y bnffi\Z&Z>m&:*Xt>nt>\Zttfol,X'\^ < 
-r^^^l-, L&V>&^m?t!l£3Et;:#I3: 

25 ztzzmm 103 -ciE@-fe;p iooa tMrn-tji loot tiz^m 

Znrz-tA 100 o IE@-fe;i/ IOOA t^m-kfr 100B fctt 



WO 03/092110 PCT/JP03/05059 

2 

mmnffi 104 lmmmm 105 t^^niti^, lEa-t^ iooa \z « 
107 ^^itii^nt^-s. ^M-fejw ioob fcbftttttftFtts* 

A • »«TSfiiffl^ 102 *t |S1 «|fc&«f 109, 110 zfrvrmm. 

^->0 7K^^^rffl 108, 111 -vmmtsit. fefkunm 104, 
105 \z&v%^ *><»mwLmtKm\zw^x%mn*fto * mtux. 

10 iEIS : V 4+ ^V 5+ + e- V 4+ «-V 5+ + e' 

H@ : V 3+ + e-— V 2+ (2E«) V 3+ + e"^V 2+ (^m) 

■fe;i/«trt)^±S«ft*P^tt#*SnTV^Aiofc. tot, 

25 ±&<DmmtiL?&nnj]*fkffintnz &z>%mn#i<» 



WO 03/092110 PCT/JP03/0S059 

3 

20 #D X. T , ^ A #T&< . 3^h0ti^^IO±f $ 

7 n-«^<D^fl-^teS^#|-r^ z\ t\z&Z>. 



WO 03/092110 



PCT/JP03/050S9 



4 

5 51 CD Hf§ ^ 

10 ftfo^W/^^-^^lt^t^. 

(4) K±*>&, ±fEm^^«jS^T§fcs6(Drt^/\ 0 ^^-^O«ji 

25 ft^tS. Rttt*»tt*K«ttt5 i t AJT* S 1/ H y ^ 7 7 



WO 03/092110 PCT/JP03/05059 

5 

fit, ±mtv3rt7 <D&mm<D¥&}%.ztummm*$t®. ± 

<Dmmm&Wr(--k)\'$>rz d ©ma?^©^*, «#m<Di&g& £> &± 
15 -r<5o 

mm> mnm<Dm&, ^-^(D^muEiz^-oxm-^mit^n^o j: 



WO 03/092110 



PCT/JP03/05059 



6 

— ?£tZ& 9 S \Z , l/H7^^7D-itii© kW ^M, kWh ^MU£ 
5 t>3.-+f O^MKcl: D^«6^.n-5/1^^-^Tfe 0 , IS # ft lc lc 

15 -o-CfettSklf t> J:^. 

mft-rzmti. m&fW}\z&<frz>m* omtuz^Q > 

£ J; l^o ft^Wtc^^r 5{@* <£> ft # £ tt, #JAfc£, 

25 kW ftT^HtSi^, OfOflOBOlSfO^Og'Cijfi^m 



WO 03/092110 PCT/JP03/05059 

7 

ffi#(kw), &n*. mziz, ^^/^/-^tit, kiss 

5 #<z>m*s<K), f© + iM0iiaa), Htc^-© + 1 #m©^i& (k), 
ft £ © is « m ti ifi ^ % in m. m t z> m m & m <d ig m n -h £ ¥ ?t ^ -r & m 

20 ^mauK^m-r & z. t -5 . z.nt>mm\t. mmofin ttkm t. 

i^J^fg^ ©tf ftft £ £ o T^fc £ *T t> <fc 



WO 03/092110 



PCT/JP03/05059 



8 

m? %>mwi/&ffi&m&<Dm&ti; zwrntf £>ns. c <d& ? \z.n g&A 

Pit* fl-SBA^ * — ? 0 , H£M£ b. & A° 7 ^ -?T*$> 

<i> nun y * — ?-tfimi£m.*t s a ? * — 

*1-gBA^*-^£ x,, x,, x,, x 2 , -ttV>*rft t>@^M 

M&SA^ t-T 5, 0»JAfc£, x, : kW x 2 :kWh^», 

- t-r 

10 f*jg&A^*-*£ y n y 2 , -£~?%> 0 y,, y 2 , - fct V> f tl gfc -5 

A^-^t-rs. y, : mmommmij . y t um/^wtm. 

yXfA^ffitSfg^M:?: f(x,, x 2 » ••• , y n y 2 , 

f *j*M*ns©tt, f ^itstsa^. ep^. a 

f/ay ( = 0 £&3i§£, nScVM* y, pJ^«5ffl td £ 3 «*{iX «*/Jn 
20 ftoT, fl-g&A^ £ 3A^ ;* ±td<D 

<2> ^ pB A 5 ;* - ^tt«8apWfc2gfcfctt# <2>M 

25 *l>g&A^;*-^£ x,, x 2 , — , x^ - tt5 0 x n x 2 . — , x,, ••• 



WO 03/092110 



PCT/JP03/05059 



9 



x k ,(i = ki) : &&mti&^MM&wi?z>ftnmm<D5£mMti&¥-mik 

x f ^?PIi^4x.e.nT^-5fc0tU > 
5 x, ave , ^JPii^a.i^to^ttS. *-<0ffiKD*HK/l7j*-* : 
x n x 2 , <h 7 ;* tt§, 

rtaS/^7^-^^±ffitlRl«»C y n y 2 , -tt5. 

v'XfA^fftttSffiSHft f(x,, x 2 , y,» y 2 , - 
±IBn^A°^^-^ x, : x, ave tfrftfca.i 2 <h£#*tbfc 

10 Iff & fe Pi !& g(x,, x 2 , x kl ave , o xkl 2 , x k2 ave , a lk2 2 , — , Xj 

«ve^ o tl \ y,, y 2 , ••■) tS^ifr Z. £.ifi°V&ti&* g ^Il^tSi 
d i/ d y, = 0 tUZ>m&* y, # pj & ffl K & £ i^cIX 

tit, f(x n x 2 , — , y n y 2 > •••)£ g(x,, x 2 , — , x kl avc 

15 a IkI 2 , x k2 ave , a Ik2 2 , — , x s avc , a xi 2 , y,, y 2 , ••• ) t # # it t* £ <fc 

7 ;* — * © 5 "5 , -00^7^-^ Xi *^^IiJ 
*Vitt*spW^:a«i^tt#-rafi&'b^. : x, ave £#f& : a xi 2 

20 x ln x l2 , Xis^i&n^ttS. 

: x, ave J^TcDS* 1.1, #ffc : a al 2 te, 

j^t<z>5* i.2T^«6e>n-5t>(7)t-rs. 




5*1.1 



a 



5*1.2 



WO 03/092110 



PCT/JP03/05059 



1 0 

mm$)iz£.ik? <Dm : Xll , x, 2 , x 1N : x, 8VC ¥ 

^ : x, ,„A^©aA, Sffl^T, x n = x, atc + A x i2 = x, ave + A — , 
XiN=x, .„+ A„ tflf^it-r. t , KT©^ 1.3, i£ 1.4 © £ o \z 

Sl.UO, A,+ A 2 +- + A s =0 ••• 5S1.3 

N 

&\Z. ->Xt-A &»fiBi-rs»«RI»[ f(x n x 2 , y n y 2 , •••)£ 

Xj aye ifi^-e, w*>> x, ave + a icov^T^-^-Jiiwr^o 

, af A i a 2 f a2 i a 3 f a3 
ax. 2 ax; 6 aXj 

... j£l.5 

_tE5S 1.5 £fflV>T> ^WISc f tC&^T, x, 
1 y 

/ave = ^ f(. X l> X 2>'"' X ij '.Vl'^'"') 

df / A, + A 2 + ... + A y \ 1 a 2 / / (A,) 2 + (A 2 ) 2 + ... + (A <f ) a \ 
*i I * J 2 a*,. 2 ( AT J 

+ ia 3 /.f (A,) 3 + (A 2 ) 3 +... + (A„) 3 \ 

6 a*, 3 ( jsr J 

5£l.6 

_hfB5£ 1.6 lC5£ 1.3 1.4 J^TOiS 1.7 <=> 

a 2 , 13 3 // (A,) 3 + (A 2 ) 3 + ...^(A V ) 3 \ 

2 ax,. 2 * 6 ax, 3 ( * J + - 

... 5£l.7 

o f(x n x 2 , — , x^ y,, y 2 , •••)£ g(x,, x 2 , ••• , Xj aTC , a 



WO 03/092110 



PCT/JP03/05059 



1 1 

,, 2 * -s y,> y t . •••) tm^W.? z. ttf*im\ztSL%>(D\*. ±fE5£ 1.7 

<fc 0 , f (x,, x 2 , x n y n y 2 , •••) \z&l*T, x i 0) 3 & ^ ± (£> M 

-% — "r = ... = 0... 
dx* dx* 

Z\tlfe. f(x n x 2 , — , x,. y n y 2 , •••)** x^r^^C^oT^S 

f(x,, x 2 , Xjs y,, y 2 , •••) 

= a(x,, x 2 , y,, y 2 , — )-X| 2 

+ b(x,, x 2 » y n y 2 , —)-x, 

+ c(x,» x 2 , y,, y 2 , •••) •••^1.9 

(D t % \Z , 

g(x,, x 2 , — , Xj avc , a.i 2 , y,, y 2 , •••) 

= a-Xi 2 + b-Xj + c + a- o xi J — 5&1.10 

t£oT> tg^Kic f(x n x 2 , — , y n y 2 , — ) & g(x,> x 2 » ••• , x kl 
a »c> o sit \ x k2 avc , a xlt2 *, — , x s ave , o,,', y,, y 2 , --)<i:##itf 
li^Tf^^fttt, f(x n x 2 , x,, y,» y 2 , -)^¥^t^tt 
7 Xi \Z-0\,*T<D-#iiZ;tU2>M&T*&2> Z. <h 

±IB f(x,, x 2 , — , X;, y n y 2 , $t&lC x, fCOViT 

M$k£T'*^m.-?z>z\ tizuz> 0 mm&)\z\t. r.^^x'-t^\zmm<o 

#ft2;HE(T't5«^^Ut#A e>*l£. L^b, 5£ 1.7 <fc 0 . 2 



WO 03/092110 PCT/JP03/05059 

1 2 

(A,) 3 +(A 2 ) 3 + .., + (A w ) 3 (A 1 )%(A 2 ) 4 + ... + (A Af ) 4 
N ' N 

(1) f & x, (O-XiZt tzzms 

5 f = a-Xj + b -* g=a*x iave +b 

tot, gtt, : x, flkJUBaifc^ttS. 

(2) f x, <D U2>m& 

f = a-Xj J + b 'Xj + c -*• g= a- Xj ave 2 + b • Xj ave + c + a • a 
tot, g (i, ¥^:x lm RZfiftffi. a x * \z <fc 0 ggfefttft £ 

io n-s, 

(3) f ifi x, <D = frj&tt£Z>m& 

f = a-Xj 3 + b • x , 2 H- c *x,+ d -»• 

2 (A, ) 3 +(A i ) 3 +... + (A. ) 3 
f =a-x, ave 3 +3a-x,. ave - a xi 2 +a- v *' ^ LjeZ_ 

+ b'x ( ave 2 +b- o^+c-x, ave +d 

15 ( A ..) 3+ ( A „) 3 +- + ( A i,) 3 iz&vmmm&nznzo 

N 



WO 03/092110 PCT/JP03/05059 

1 3 

x» y ftz>o fit, zti<b<D¥-i%* ftm* j tn : en x avc , 
mwim%. ru, y) x y \z-D^x~7t-^m^(D 

5 f tStftSut^Tt^'bOtl, f CD#gc£ a„ if £ 
f = a 22 -x 2 -y 2 + a 2l -x 2 -y' + a 20 -x 2 -y° 
+ a, 2 -x l -y 2 +a l ,-x l -y , + a l0 -x , -y° 
+ a 02 -x 0 -y 2 +a 01 -x°-y , + a 00 -x 0 -y° 

10 ail$&<HC^{t-r <EHfi£¥^£(D^ A tCJ; 0 , x = x avc +A x , y 
= y ave + A^lt, f Cf^AtSi:, 

f = a 22 -(x ave + A x ) 2 - (y ave + A y ) 2 +a 2I - (x ave + A,) 2 - (y ave + A y ) 
+ a 20 - (x avc + A,) 2 

+ a l2 - (x avc + A,) • (y ave + A y ) 2 +a„- (x avc + A x ) • (y ave + A y ) 
15 + a 10 - (x ave + A „) 

+ a o?* (y 8 v C + A y ) 2 + a 01 • (y ave + A y ) + a 00 

20 A, 2 , A y 2 , A x A y » A x A y 2 , A , 2 A y , A x 2 A y 2 &mT* & Z> . 

(D A,^0 A y -0 A.^o, 1 A y 2 ^a y 2 A,A y -»0 
(D A.A/-0 A , 2 A y ^0 A j 2 A y 2 — ► a x 2 a y 2 

ffcffc£tt(DK::felr*T\ A.^0. A y -*0, A.^o,', A y 2 ^o y 2 «, 

25 sp^RrX»*<D^«*V6*3esnS. A x A y -*0 tt, rffim^Lj £ 



WO 03/092110 PCT/JP03/05059 

1 4 

±*HO);Rtf©<D&ftgg!£fToT f(x, y)£ g(x ave , y avc , a ,\ a 
y 2 ) izm^W.? t&^o 

7]&¥-m<t?z> v h y 7 7s 7 u-nm<Dm7jfttt<Dmmmm&&#>& a 
io fit, ±i3m?fe(D^^ytj^> tt»ft/£*j«&2§<z>&^ 

^a^v^T^^-r^ <h <fc v>. 

S«?&om^^^^^2p<MMcD Hg&± 4 f&&T**Jif * «fc 0 

15 Sb<te, 1 {g^_h 2.5 {g£ATT&3o ti0i^[ti*lt ± 

8ES«PM© 0. 7 fg^_L 2 fgJ^T^$f * L^„ c tO$f*L<«, 0.9 

£ \Z «fc t) & Ml" Z> Z. £ ifiX & Z> . 

25 mmnffimtzwtm 



WO 03/092110 PCT/JP03/05059 

1 5 

5 0«. ac mtoti\z#-rz> u f v ? u-nm<Dm$:&&&m-r tf 

(1) ^«^7^-^ttt x,, x t ^u?t?>„ torn/*?*-* t v 

(2) ->X^A «T ^>m^KI^ : f(x,, x 2 , y,, y 2 )£3jci&, f € 
x, \Z-D\,^X <D M\Z$L t&% 0 

20 f=a(x 2 > y n y 2 )x, 2 +b(x 2 , y,, y 2 )x, + c(x 2 > y n y 2 ) 

(3) x, (D¥^ x lavc t7>ia„ ! ££#«L;fc*rfcfc 

g=a(x 2 , y n y 2 ) x lave l + b (x 2 , y n y 2 ) x lave + c (x 2 > y 1% y 2 ) + a(x 2 , y,, 

25 (4) ±.umtcts.ft&w%L g &mm%ii%£g<D w*>* ar/ay, 



WO 03/092110 



PCT/JP03/05059 



1 6 

So 

20 Hmffi^<& x, y, f(x,y), ^mi^Xteifc 

miNHC^ttS v-X^A^Sr 7? = x/(x + f) £T So ->XfAi$^i 

S&fM*, 5 7?/dx = 0, 5 77/5y=0, HP "6, 5$ 2.K it 2.2 £ & S . 



WO 03/092110 



PCT/JP03/05059 



1 7 



dri 
dy 



0(x+ f)- x .(Q + ^-) 



- o • • • 3; 2.2 



5$ 2.1 RZStZ. 2.2 K&t^T, #@(x+f)*>0 J; D#^ = 0 i ft * . 
it 2. 3 2.4 ZmtC? £&T~$>Z>o 



15 Jfiffc£ AC «i«ltHATan{i»**j&t*«>6n5. 



= o • • • 



2.3 



x 




• • • iS 2.4 



WO 03/092110 PCT/JP03/05059 

1 8 



5 (*?i&m**«5i2(s«fes*^tt#-rs«^) 

x n , l*lg&/\ 0 :7*-*£ y, Hkfk* f(x,,y), f(x,,y), - , f (x„, y) , 
^«NfXS|[f ^OyXrAi$^ 7) ttS. x n x,, 

io x„tt, x ave teiS 3. i, ^io ! W 3.2 

fUT, f(x jf y)£ x ave £ 4« >b IZ x - 7 - JH HH T & £ j£ 3.3 

jc = — *' 3 1 

n 

a 2 m 2(x l -x„,) 2 2 
n 

15 = /(x^y)*^*, -x^ + JLL^ -x^) 2 + 5*3.3 

5£ 3. 1 «J; 0 , 2 x, = n-x.„(^ 3.4), 5* 3.3 J; 0 E f (x,, y) &5$; 3.5 

d ZlTf, 5£ 3. 4 n-x ave Sr±fS«?aai^^ — &5 x £ * 

20 & L > j£ 3.5 (0-5^, TtHtf>5£ 3.6 fC^TSB^S: f (x, y) £ */j:i± 



WO 03/092110 PCT/JP03/05059 

1 9 

d 2 f 

n(f(x ove y) + : ^a 2 +...) ...^3.6 

f bT, f(x,y)£ x <Dm$C£frUV> *m*»2e&S®»5fc«F«:££ 

5 f (x) = a-x 2 +b-x + c(3£ 3.7)tS^iI5Si$^f 

«Jfiffl:*j<0¥i$ffi x ave , ftWLo 2 g(x ave , a 2 ) = a-x ave 2 + b 

•x ave +c + a- a 2 (5$ 3. 8) £&Xt$<i: t> <h V> 5 CI <hT& 3. 

Y v V 7^1 D-tlftyXfA^ffil/, ^ ^ & tf> *« 
m^mmtiiiJ 400kW(£t3tfgmjii?3 275kW)(D®;T/i£m 
15 gl^m^fc 170kW(M5tSg«ffl2j<Z>£j 60%)£Lfc. Ezfft/5SS«&g§ 

sa^m^ 275kw <d %<D*m^rc 0 ctiibftnmm, u\*v?xy 

25 y-mitZtltcmtlZtnitil] : 200kW 



WO 03/092110 



PCT/JP03/05059 



2 0 

nm&tl<D¥t%m : 0. 9kW 

mm&t)<Dmmmm 54. ikw 
nmmtKDmmm<D¥-i% :44.4kw 

-^(D^^tB^ x fC*tLT, 5£ 3.7 £ f (x) = 1. 22X 10- 4 -x 2 - 1. 74 
X10- 6 -x+4.58 <h&&. fot, 5S^^^^^fO®^7^«(D¥mibl^ 

10 i;*3^§«tai^n^uT. m$<ft&<DMwmiz, ^ 3.8 £ 0 (x avc = 

0.9, o 2 =54.1 2 K g(x 8¥c , a 2 ) = 1. 22X 10" 4 - (0. 9 2 + 54. I 2 ) - 1. 74X 10" 
6 -0. 9 + 4. 58= 4. 94kW £tnZ> 0 ± j$ g (x ave , a 2 ) iZ 43 T , 

±l2^^m* 275kW <D^&gg<E>*t£:#tt£{fcO £ t *<T€T 
15 7^-^SJ;Dl^Wl:^WT§. 0H*.fc£» a° ^ ^ - ^ £ b T , 
±fE^^m^ 275kW <D&m&* n # \Z ffl & £ # & . f -5 

1 9 tf>m*Jte, 1/n fot. 1 

£ 0 £>tI&^1£tf>J8*#1iI«, f (x) = 1. 22 X lO" 4 - (x/n) 2 - 1. 74 x 10" 6 - 
(x/n) + 4.58 n £>M?iJ ffl Jg£- ff <Z>« <D 

20 SH^Mfifct, f (x, n) = 1. 22X 10" 4 /n-x 2 - 1. 74X 10" 6 -x + 4. 58-n £ t<£ £ . 
£ o T, g(x 8¥e , a 2 , n) = 1. 22 X 10" 4 /n- (x„ ¥C 2 + a 2 ) - 1. 74 X 1 0" 5 • x ave + 
4. 58-n £&3o f ^ : x ltc =0.9, ftffi. a 2 = 54. 1 2 £ 0 > g(n) = 1.22x 
10" 4 /n- (0.9 2 + 54. I 2 ) - 1.74X 10' 6 • 0. 9 + 4. 58 • n = 0. 3572/n - 1.57X 
10' 6 +4.58-n 5g/3n=0 £ & 5 n £ jjc £> £ £ , - 

25 0. 3572/n 2 +4. 58=0, ftoT, n=0.28-C&<5. 

n ©Rj^|fiH« 0^n^oo^£, n <D pJt&ft/hM £ b T 0, pjfgft* 



WO 03/092110 PCT/JP03/05059 

2 1 

Mt UTfclfi*a*#tf ^n§^. n-»0 CD£# g-*oo, n-^oootf g 
^oo htz.Ztz.tib. _blE n=0. 28 fttft&fe <h UZ> 0 

o^o, ±iaa^m* 275kw co^&g§£ o. 28 smm i^tzm\zm^ 

£flk/MCT#£t^-5 #VWi, &3fcffl## 275 X 0.28 = 

5 77kW zm&izmik&m'biz'eg Z> t V>5 H tT* 

0 4 *0iJ£>^, ifi»E/£«Ea58l8g<0«j£ffl#fct, £j 50- 

200kW(^2^<B^ 54. lkW 1-4 fg), ft iZ 50- 1 20kW (1*0 m 1-2.2 

fg) ^^g§OX^/jN$ < , ^(DtztbisXT-ACDmtk&'l^ < 

10 TfSli^b^S, fit, ±!2«fc0, M^tb^^ 77kW 

15 £7K-To « m 44 («?&D;Ote> -ir;uic*r-r 3mfi?$t<Dt£ft 

(D 0. 80 U y MIV# • -feJl/ 

(D l.oo u v viv/tt • 
20 (3) i. is u ? ♦ 

I^^tc^ci6 BP-£, 0»J*.fc£, (DditS^ l.oo u y ♦ 

T, 5£ 3. 8 J: K) g(x aYC , a 2 ) = 4. 33 x l O " • (x 8VC 2 + a 2 ) - 2. 28X 10- 2 -x a¥C 
25 +11.6 ftoT, »5fc«rtt<B«l#««, x gJe =0.9» a 2 =54.1 2 

^ £ , g(x a , e , a 2 ) = 4. 33 X 10" 4 - (0. 9 2 + 54. I 2 ) - 2. 28 X 1 0"* • 0. 9 + 1 1 . 6 



WO 03/092110 PCT/JP03/05059 

2 2 

= i2.8kw <h&3o <§ffimtf 0.80 u «/ h;u/# • -fe ;kz) *§ , El tunc s£ 

3.8 <fc D g(x a¥C , 0 2 ) = 4.72 X 10" 4 - (x a¥C 2 + a z ) - 2. 35X l0- 2 -x avc + 9. 2 
tJiO, «5fe«rte©»lf£tttt, g(x avc , o 2 ) = 10.6kW 

»t>^feT^^ 0 «m l#^f;D0tHiJlt 1/n fi£ 

oT, m?& 1 f (x) = a(x/n) 2 +b(x/n) +c £ ft: £ 

io n ttrnmizm ^rcm&n&mvmikw&nmwmfc. f(x,n) = 

axVn+bx+cn t^5„ f (x, n) \Z & £ ^ $c a, b, c \$ , EI5Kl7rcTifi 

mftfr nz. £ne«# a.b.c ^mc^ts**?** 

0 6 K^T&^I&.COUT©^?.^ 0 5 d^K-t — 
15 (D#^C,C<t 0 5fc#>fCo fll^US, ft&att. 0 5 \z9KT(D~Q)<D-frm 
ScK^HT 2 4. 14, 4.33, 4.72 if* £ % © ifiiKiS £ * #> 

2>t, a'Srffl^T, a ( X 1 0' 4 ) = (-1 . 673) • a' + 6. 041 8 t$ttbZ 

*i5o f t b, c \z^>^T*>mmv&z>o 
fit, -Mjv&tc v onmmomm* lcj7 h^/^)tt§t, 

20 m 5 Rtf 6 fr*>, f(x,n,L) = {(-1.673L+6.0418) xl0- 4 }/n-x 2 + {(- 
0. 073L+ 2. 3918) x 10" 2 } -x + {(1. 3622L- 0. 1795) X 10'} -n 1 fc Z> . 

lloT, g(x avc , a 2 ,n,L)= { (-1 . 673L+ 6. 041 8) x lO- 4 }/n- (x 8¥e 2 + a 
2 ) + {(-0. 073L+ 2. 3918) X 10" 2 } -x lve + { (1 . 3622L - 0. 1 795) X 1 0'} • n t 
ZtZo : x ave = 0. 9, #m a 2 = 54. I 2 «t O , g(n, L) = (-0. 490L + 

25 1.769)/n+ (-0.0657L + 2. 153) X 10" 2 + { (1 . 3622L - 0. 1 795) X 10'} • n 
£t£Z> 0 dg/dn = 0 <h&5 n £ jfc «> & <h , ,9 g/ <9 n= -(-0. 490L + 



WO 03/092110 PCT/JP03/05059 

2 3 

1. 769)/n 2 + (1 3. 622L - 1. 795) = 0 , ftoT, n = J~ { (-0. 490L + 
1.769)/ (13. 622L- 1. 795) It^S. 

3g/dL = 0 n d g/ d L = -0. 490/n- 

0. 000657+ 13. 622 -n=(h lot, n>0 <£ K> , n=0.19 T&£ 0 d <D 
5 L te, 0. 19=/"{(-0. 490L+ 1. 769)/(1 3. 622L-1. 795)} <t 0 > L 

= 1.87(1) v h £UZ>o 

5: 0.8~1. 15 "J? hJIz/^ttS ±fE£> L=1.87 te, nJ^iSfflfl* 
(OMTfe-So tot, L © i^fgHK:j3#&g3gM(7M£1i«, 
10 5 g/d n=0 n <h , L CD pJ^ $g ffl \z & & ft /hi 0. 8 <h CD ffifr 

mt>. (n,L)= (0.39,0.8), ifc^te, 
<?g/<9n=0 tteZ n £ , L CD pf^iSH £43 3 ft*{fi 1.15 <hcD& 
^fr-fr, BP"5, (n,L) = (0. 29, 1. 15) 

15 _h f S CD M $r g(x ave , o 2 , n, DKft A~T 3 (n, L) = (0. 39, 0. 8) CD M 

^>$LD. ±lB^^ttJ^ 170kW 0.39 ^ifflt^tftc, m 

mm<Dffim& o.s u ? v k/k tvtzmz.m$i*m'^\z.~i:zz> t.^o 

ZfV&Zo J&^te* m%.mtl& 170X0. 39= 66. 3kW <Dmi&&&m'? 

pJS&tgH £ 0.8- 1. 15 U v h £ b g(x avc , a 

2 , n,L)CD^7 7£^-T(x ave =0.9, #f&a 2 =54. 1* iT-SK 

0 7^?., ##JK:fc^T, ±.B©lZ9jk-Tffim& 1.00 U v 

b - -t)KDm& * nmoMfe&tiitm 4o~ iookw(^*p{jf n 

25 54. lkW (Dm 0. 74-2 fg) , 4# IC 50~ 80kW ([W| £j 0. 92~ 1 . 5 fg) CD t # , 

tin xifi^ts < , ^cD£»vx^AcD^££/jN£<-e#5;i<hasfc> 



WO 03/092110 PCT/JP03/05059 

2 4 

7^&o fLT, ±fE<£9. 0.8 'Jjrh^-t^ 

5£tt}^£ 66.3kW tt5t, ->X5rAtf>*a2c£*/h£T3 £ # 

5 ^t^ssifDT, ^^Mu^^m&ff sw^ic^ht, «m^»ia«£ 

^©¥*3fi&^#fifcfc a &m ^ s*Wfc«5ti-*j&> s#«> sns 
fr^ofco mm £ tj-^o^^ffi^ znm 

tS^i'L/T. *^J(D«^rcD^J 1.5~2 fgg^i^^^iKD^m^Sr 
ff O <k 5 \Z-?tl&, ^^ggCDti^^ (5-2. 5)/5 = i® 50%{£MU(S 4 
S?&tf>tS&£ (15-8)/15 = ^J 47%{£^bT, y7fA©)|* 

20 mttmcDif^ 44. 4kW £> £ C ^ &§§ © Jft & + « ?& O) iS^ = 5 + 1 5 

= m 20kW OXUT^ittC^^, 2.5 + 8=^J 10.5kW 

«r<£M-rSo fifoT, yXfAOS^IJ 20/44.4=^ 45%7^£ 
10. 5/44.4=^ 24% £ -5 CI <h^T# -So 

25 (i*Sfcfll) 



WO 03/092110 PCT/JP03/05059 

2 5 

fern?) z^itz^T. '>^fA©fi*s«^T*fc. urn-cits v>r 
n©«***>» mt>¥£nti>, m^m* : 4ookw, mmmmtats : 285kw 



WO 03/092110 



PCT/JP03/05059 



2 6 



£ 1 



No. 


(kW) 


(kW) 


ift^(kW) 


w-mit 


1 


170 


275 


20 




2 


85 


147 


10 


n# 


3 


60 


200 


10 


as? 



^ i nun No.2Rac 3 ±aenjfiWT#8&fc«ffljma<0«*pai 

ffifg 54. lkW <D 1. 6 «, ^&§§(Z>&5tffl;>j£|W| 2. 7 fit Lfc„ tttt 
No.3te, *ifi©££ffla 54. lkW <0 1.1 fi, ^&g§£>gl£ 
tB^^Pl 3.7 fit b£o — ttttNo. ltt. «mffl^J0^2p{E^^ 

10 KOHjR. & 1 IZ^fcfc -5 No. 2 Rtf 3 te> « ftl */ X x A © tS 

, 1**4 No. 1 :tM^. 

20 ft*<D£o\z&iwnm&ffim?z>ztti;<mmi' 



WO 03/092110 PCT/JP03/05059 

2 7 



WO 03/092110 



PCT/JP03/05059 



2 8 



WO 03/092110 PCT/JP03/05059 

2 9 

#^<h-r^it^©i5ffl^ 3 m\ztzm.<D u F77X7 D-m^^x^ a 



WO 03/092110 



PCT/JP03/05059 



1/5 



60 
50 
^ 40 
5 30 

4K 

SI 20 
10 
0 




-150 -100 -50 0 50 100 



150 



Sfl2 















-4 
























—J 






• • • • 



-200 



-100 



100 



200 



m&aj^Kkw) 



WO 03/092110 



PCT/JP03/05059 



2/5 



I3i 


18- 




16- 








% H 

S-# 12 




10 




* ♦ n 


♦ > 




^ * 




^ ^ ♦ 


— 4— « 

2- 


r ^^ # 


1 ! 9- 





-300 -200 -100 0 100 200 300 

m?t!!£iS2l(kW) 



6 




0 I ' I 1 : — 

0 50 100 150 200 250 

*»»*jeua<kw) 



WO 03/092110 



PCT/JP03/05059 



3/5 



SS5 



K 
□ 




®f (x) =4. 1 4 X 10- 4 • x 2 +2. 33 X 10"* • x+1 4. 0 
(Df (x) =4. 33 X 10" 4 • x'+2. 28 X 10"* • x+1 1 . 6 
(Df (x)=4. 72 X 10- 4 • x*+2. 35 X 10 * • x+9. 2 

1 



-200 



-100 



100 



200 



a = (-1.673)-a'+ 6.0418 



b = (-0.073)- b' + 2.39 1 8 




m& a)X10' 4 
b)X10* 
m& c)X10' 



c= 1.3622-c'- 0.1795 



0.5 1 1.5 



WO 03/092110 PCT/JP03/05059 



4/5 



I7i 



16 
14 
12 

I 10 

K 8 
□ 

m 6 

■Bad 

4 

2 
0 













\ 















» 

^ 




mm — **" " ^ 














© 


-S[*1. 15 










© 3&fil 

CD SSEfio. 8 

























50 100 150 



200 



WO 03/092110 



PCT/JP03/05059 



5/5 



Wmm I — >j smrnm i — M ^Wm 




^ 106 } 103 

100A 100B 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP03/05059 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI 7 H01M8/18, H01M8/04 



According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED ~ 
Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 H01M8/18, H01M8/04 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Toroku Jitsuyo Shinan Koho 1994-2003 

Kokai Jitsuyo Shinan Koho 1971-2003 Jitsuyo Shinan Toroku Koho 1996-2003 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
WPI/L 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



JP 4-12464 A (Sumitomo Electric Industries, Ltd.)/ 
17 January, 1992 (17.01.92), 
Claims; Figs. 1 to 5 
(Family: none) 

JP 2001-339995 A ( Ishikawa j ima-Harima Heavy 

Industries Co., Ltd.), 

07 December, 2001 (07.12.01), 

Claims; Par. No. [0017] ; Fig. 1 

(Family: none) 

JP 2000-78895 A (Hitachi Engineering & Services 
Co . , Ltd . ) , 

14 March, 2000 (14.03.00), 
Claims; Figs. 1 to 7 
(Family: none) 



1-5 



1-5 



1-5 



| x | Further documents are listed in the continuation of Box C. | [ See patent family annex. 



• 

"A" 



Special categories of cited documents: HP 
document defining the genera) state of the art which is not 
considered to be of particular relevance 
"IT earlier document but published on or after the international filing W X" 
date 

"L" document which may throw doubts on priority claim(s) or which is 

cited to establish the publication date of another citation or other u Y" 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later u &" 
than the priority date claimed 



later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to 8 person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
16 May, 2003 (16.05.03) 


Date of mailing of the international search report 
03 June, 2003 (03.06.03) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/1SA/2I0 (second sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP03/05059 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 


JP 2000-73932 A (Hitachi Engineering & Services 
Co. , Ltd. ) , 

07 March, 2000 (07.03.00), 
Claims; Figs. 1 to 7 
(Family: none) 


1-5 


Y 


JP 2000-73931 A (Hitachi Engineering & Services 
Co. , Ltd. ) , 

07 March, 2000 (07.03.00), 
Claims; Figs. 1 to 8 
(Family: none) 


1-5 



Form PCT/1SA/2 10 (continuation of second sheet) (July 1998) 



3&tti®#-§- PCT/JP03/050 5 9 



a. &w<r>mi-z>ftwKoftm (m&ftt?f&m u po ) 

Int. Cl' H01M8/18, H01M8/04 



wattftvitat'HNim m&vrn&m u po ) 

Int. Cl' H01M8/18, H01M8/04 



B*mmmmm y j±m 1922-1996* 

B^m^mmmm^n 1971-2003* 

G^m^^mmm^m 1994-2003* 

t}*mmmm%&m<*m 1996-2003* 



WP I/L 



JP 4-12464 A (tt&m^lHtfc^tl:) 1 9 9 2. 0 
1. 17 #Wft3fc(D&ffl, mi -50 (77 5 JJ-fcb) 

JP 2001-339995 A (5JMA»lgfiX3fe»^tt) 
2 00 1. 1 2. 0 7 [4#W»*©f6ffl] % [0017], [0 
1] (77$y-4t) 

JP 2000-7 8 8 9 5 A («S^0ixy^7!)yy 
ir— fc-*) 2000. 0 3. 1 4 [tifflffll&Ot&BB] , [121 1 ] - 
[®7] (7 7^-^L) 



1-5 



1-5 



1-5 



0 c«aro^ict>s:scAs?ij^$n-rv^. 



roj psicisre^, mm&ic^R-rzicm 



r&j h?r ^ y-XiK 



16. 0 5. 0 3 



w&wimm.'g<r>& : &^ 2 C5 03 



B*m&&fr (1SA/JP) 
1 0 0-8 9 1 5 



ma 




4X 



2 9 3 0 



^JS## 03-3581-1101 f*J«St 3477 



SSPCT/ISA/2 10 (S2^) (1 9 9 8¥7^) 



J 



! 



B^m®## PCT/JP03/05O59 



c Ggg#) 



AtJD-* 



JP 2000-73932 A 
If— t*^) 2000. 03. 07 
[07] (77^-*U 

JP 2000-73931 A 
17— fcT;*) 2000. 03. 07 
[EI 8] 



[<fcm»jft0*8ffl] . [0U - 



[#fFf»#<75f6ffl] , [HI] - 



1-5 



1-5 



^PCT/ISA/2 10 (SI 2-*— (1 9 9 8¥7fl) 



